Bone defects and leg shortening due to chronic osteomyelitis are rare yet challenging problems to treat. The aim of this study was to summarize our experience with a distraction osteogenesis technique performed with an external fi xator for these conditions. Twenty-three consecutive patients with tibial bone defects and limb-length discrepancy caused by osteomyelitis were treated from January 1994 to January 2009. Thirteen boys and 10 girls had a mean age of 12.2 years (range, 8-16 years). Twenty of the 23 patients (87.0%) had undergone an unsuccessful bone grafting procedure. Mean amount of bone defect was 3.6 cm (range, 1.5-6.2 cm) as measured on plain radiographs. Mean leg-length discrepancy was 4.0 cm (range, 0-8.0 cm). All patients were followed for a mean of 116 months (range, 31-182 months). Mean external fi xation index was 48.0 days/cm (range, 40.7-66.5 days/cm). Mean lengthening was 9.3 cm (range, 5.8-12.1 cm). Based on the criteria recommended by Paley et al, 16 bone results were excellent, 6 good, and 1 fair. Fifteen functional results were excellent, 7 good, 1 fair, and 0 poor. This study shows that distraction osteogenesis with an external fi xator is an effective treatment for massive postosteomyelitis bone defects and leg shortening. 
Bone defects and leg shortening due to chronic osteomyelitis are rare yet challenging problems to treat. The aim of this study was to summarize our experience with a distraction osteogenesis technique performed with an external fi xator for these conditions. Twenty-three consecutive patients with tibial bone defects and limb-length discrepancy caused by osteomyelitis were treated from January 1994 to January 2009. Thirteen boys and 10 girls had a mean age of 12.2 years (range, 8-16 years). Twenty of the 23 patients (87.0%) had undergone an unsuccessful bone grafting procedure. Mean amount of bone defect was 3.6 cm (range, 1.5-6.2 cm) as measured on plain radiographs. Mean leg-length discrepancy was 4.0 cm (range, 0-8.0 cm). All patients were followed for a mean of 116 months (range, 31-182 months). Mean external fi xation index was 48.0 days/cm (range, 40.7-66.5 days/cm). Mean lengthening was 9.3 cm (range, 5.8-12.1 cm). Based on the criteria recommended by Paley et al, 16 bone results were excellent, 6 good, and 1 fair. Fifteen functional results were excellent, 7 good, 1 fair, and 0 poor. This study shows that distraction osteogenesis with an external fi xator is an effective treatment for massive postosteomyelitis bone defects and leg shortening.
H ematogenous osteomyelitis is uncommon in tibiae; however, it may lead to bad results due to delay or inappropriate treatment, especially in developing countries. Severe chronic osteomyelitis may result in massive bone defects and limb shortening caused by radical debridement, sequestrectomy, osteonecrosis, or osteolysis.
Bone defects resulting from postosteomyelitis are a challenging reconstructive problem. For such defects, several methods have been reported. [1] [2] [3] [4] [5] [6] [7] Fowles et al 2 described 21 children with a defect of the tibial shaft due to acute hematogenous osteomyelitis; 4 patients had spontaneous regeneration of the shaft, 11 had a posterior tibiofi bular graft, and 6 had a transfer of ipsilateral fi bular diaphysis. All the grafts united and the children returned to their normal lives. Fabry et al 1 reported 22 infected nonunions treated by radical resection and a bone transport technique according to Ilizarov with a minimal follow-up period of 2 years. Consolidation was achieved in all but 2 nonunions at the knee level, a success rate of 91%.
This article describes 23 patients with nonunion accompanied by bone defects or deformity and limb shortening caused by suppurative osteomyelitis who were treated by a distraction osteogenesis technique performed by external fi xator.
MATERIALS AND METHODS
Twenty-three consecutive patients with tibial bone defects and limb-length discrepancy caused by osteomyelitis were treated from January 1994 to January 2009 in our institution. Distraction osteogenesis with an external fi xator was used in all patients. Thirteen boys and 10 girls had a mean age of 12.2 years (range, 8-16 years). Twenty of the 23 patients (87.0%) had undergone an unsuccessful bone grafting procedure. No patient had symptoms or signs of active osteomyelitis for at least 6 months. All the laboratory parameters of infection, such as C-reactive protein level, erythrocyte sedimentation rate, and white blood-cell count and differential, were normal.
The patients underwent an average of 4.5 surgical procedures (range, 2-8 procedures) before presentation. All patients were assessed for local skin condition, shortening, deformity, distal neurovascular status, joint function, and nutritional index. Five patients had only a segment defect; 3 had deformity associated with a segment defect; 2 had a combination of a segment defect, deformity, and shortening; and 13 had a combination of a segment defect and shortening. The growth plate was still intact in all patients except 1, whose proximal tibial epiphysis was injured. Mean amount of bone defect was 3.6 cm (range, 1.5-6.2 cm) as measured on plain radiographs. Mean leg-length discrepancy was 4.0 cm (range, 0-8.0 cm) ( Table 1 ; Figures 1, 2 ).
SURGICAL TECHNIQUE
Preoperative sagittal and coronal radiographs were taken to assess the bone situation and determine the planes of the osteotomies.
The patient was positioned on a radiolucent table, and a tourniquet was applied to the upper thigh. The distal lateral fi bula was exposed and a subperiosteally transverse osteotomy performed if the patient had deformity or shortening. The docking sites were not exposed, and the sclerotic bone ends and fi brous tissue were not removed. Under image intensifi er control, one or two 4.5-mm pins were inserted 2 to 5 cm above and below the preselected osteotomy site. Another one or two 4.5-mm pins were inserted in the other bone fragment if necessary. All these pins were inserted in the same plane and perpendicular to the long axis of the tibia. At the same time, the fi bula was fi xed to the tibia with 1 of the pins if necessary.
A 1-to 3-cm incision was made over the anterior tibial crest, the tibial shaft was exposed subperiosteally, and a transverse osteotomy was made at the site planned preoperatively. The periosteum was sutured and the wound closed with a drainage tube. Care must be taken to preserve the tibial growth plate. The external fi xator was attached with a 2-cm gap between it and the leg to allow for swelling. The docking site was opened and bone grafted only if compression of the site failed to achieve union. All patients received intravenous broad-spectrum antibiotics postoperatively. Physiotherapy started on postoperative day 2. Distraction began between 5 and 7 days postoperatively at a rate of 0.25 mm every 9 hours. When the length of bone regeneration reached approximately 6.0 cm, the rate of the distraction was reduced to 0.25 mm every 12 hours. Radiographs were taken every 2 weeks during the distraction period and every 4 weeks during the consolidation period. When the length of the regenerated bone was Ͼ40% of the original limb length, the decision whether to stop or continue was made depending on the state of the blood supply and sensation and movement in the limb. Once the decision had been made to stop lengthening or the required length had been achieved with bony consolidation, the external fi xator was removed.
RESULTS
Mean follow-up was 116 months (range, 31-182 months). Mean external fi xation index was 48.0 days/cm (range, 40.7-66.5 days/cm). Mean lengthening was 9.3 cm (range, 5.8-12.1 cm) ( Table 2) .
The results were assessed as bony or functional. For bony results, 5 criteria were evaluated as recommended by Paley et al 4, 8 : union, infection, deformity, leglength discrepancy, and cross-sectional area of union of the regenerate bone and docking site. Bony union was achieved after initial treatment in 22 of 23 patients (95.7%). Persistent nonunion was re-treated with external fi xator reapplication and autogenous iliac cancellous bone grafting into the nonunion site. Refracture occurred in 1 tibia 1 month after external fi xator removal, and plaster fi xation was 
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applied for nearly 4 months until bony union. A residual deformity Ͼ5Њ was present in 6 patients. No patient had a residual leg-length inequality Ͼ2.5 cm. Based on the criteria recommended by Paley et al, 4, 8 16 bone results were excellent, 6 good, 1 fair, and 0 poor.
Functional assessment was also based on 5 criteria according to a the evaluation system previously reported by Paley et al 4, 8 : pain; need for walking aids or braces; foot, ankle, or knee deformity or contracture; ankle and/or subtalar loss of range of motion as compared with the preoperative range; and ability to return to normal activities of daily living and/or work. All patients could walk well without support. Two patients felt pain (requiring narcotics) when walking for long distances (Ͼ2.5 km). One patient had a femorotibial valgus angle of 15Њ, one had an 8Њ valgus angle of the knee, and 5 had contracture of the ankle. Based on the criteria of Paley et al, 4, 8 15 functional results were excellent, 7 good, 1 fair, and 0 poor.
Pain was the most common complaint during the distraction period; it was observed in all patients and was relieved by oral analgesics. Two patients felt pain (requiring narcotics) when walking for long distances (Ͼ2.5 km). Fifteen patients (65.2%) had a pin-track infection; 11 of these had local infl ammation, which settled with pin care and oral antibiotics, and 4 had purulent drainage, which settled with intravenous antibiotics. Twelve patients (52.2%) developed transient ankle fl exion in tibial lengthening and 7 improved after a mean 4 months of physiotherapy (range, 2-6.5 months). Pin loss occurred in 3 tibiae (13.0%), which was treated by reapplication of the external fi xator for further lengthening until suffi cient consolidation was obtained in the regenerated bone area. Refracture occurred in 1 tibia 1 month after external fi xator removal, and plaster fi xation was applied for nearly 4 months until bony union. There were no neurovascular complications, no joint subluxation, and no patient had recurrent osteomyelitis.
DISCUSSION
The treatment of nonunion with bone defects due to osteomyelitis is diffi cult and controversial. For many years, the most common treatment for bone defects was bone grafting. In the opinion of some authors, 9-11 bone defects as large as 4.0 cm can be reconstructed effectively by corticocancellous bone grafting. Defects Ͼ4.0 cm need a large volume of graft and prolonged protection to prevent thin corticalization or fracture of the graft. For 13 compared the results of bone transport and vascularized bone graft in femoral defects, and it was better in the bone transport group. Cierny and Zorn 14 compared the results of treating segmental tibial defects using Ilizarov bone transport and massive autologous bone graft, and the results were in favor of the Ilizarov method. Furthermore, if patients have limb-length discrepancy, they may not be corrected with conventional bone grafting but with bone transport. Paley and Maar 8 discussed 19 patients with tibial bone defects who were treated by the bone transport method. At a mean follow-up of 6.5 years, union was achieved in all cases and the results were satisfying. In contrast to conventional methods, the bone transport could address not only the bone defect but also the associated problems of shortening, deformity, soft tissue loss, and joint contractures.
In the present study, all patients were treated with distraction osteogenesis. We did not expose the docking site to intrafocal debridement of bone and fi brous tissue to achieve a well-vascularized bone bed. After 2 bone fragments touched each other, distraction was performed to correct leg-length discrepancy, and compression was applied to the docking site for simultaneously bone union. Kucukkaya et al 15 reported 7 patients with childhood chronic hematogenous osteomyelitis who did not have bone graft at the docking site, and no nonunion occurred. Dendrinos et al 16 treated 28 tibiae using the Ilizarov bone transport method. Compression was used at the docking site for bony union, and only 3 unions failed and needed bone graft. In our study, union was achieved in all patients, with 1 needing bone graft.
Epiphysis growth will compensate for malposition, malalignment, and even shortening to some extent in children, and its injury often causes severe deformity. One patient in our study had definite growth plate injury. During treatment, we found re-ossifi cation of the defective epiphysis after osteotomy. With time, the lateral aspect of the epiphysis became completely ossifi ed. This case shows that the proximal tibial epiphysis has a remarkable potential for recovering and regeneration. This phenomenon was also observed by other authors. 17, 18 Song and Kim 18 reported 3 cases of osteomyelitis involving the proximal tibial epiphysis and showed that the affected growth plate can recover its potential to contribute to symmetrical growth once normal alignment is restored. We agree with their opinion that, although the infective process may involve the ossifi cation center of the epiphysis, it can spare the cartilaginous portion, which contains resting stem cells with the potential to regenerate the damaged portion of the epiphysis to some extent. 18 Bone resorption was observed at the docking site during lengthening in some patients, which could increase the amount of lengthening required. 3, 5 Progressive shortening of the affected limb occurs with growth in these patients. We used the multiplier method described by Paley et al 19 to calculate the overall leg lengthening required. This method was originally described for predicting the leg lengthening required in patients with achondroplasia. Our results indicate that it can also be used to predict the lengthening needed in patients with nonunion associated with bone defects due to osteomyelitis. 19 
